Mycobacterium bovis BCG was introduced as an antituberculosis (anti-TB) vaccine over 80 years ago and has since become one of the most widely used of all vaccines (11, 40) . Approximately 100 million children worldwide are vaccinated with BCG each year (40). BCG vaccination of infants affords 80% protection against TB meningitis and against disseminated or miliary TB. However, it is variably effective against pulmonary disease at all ages or against the reactivation of latent pulmonary infection in adults (10, 37, 40) . Consequently, in spite of extensive BCG vaccination in many parts of the world, TB rates are high, with about 8 million cases and 2 million deaths annually (32). South Africa ranks eighth in the world for TB incidence, with a rate of approximately 600 cases per 100,000 population (39). Because TB is endemic in South Africa, infants are vaccinated with BCG (Danish strain) shortly after birth. Even with Ͼ95% BCG vaccination coverage, the rate of TB disease in babies remains very high, exceeding 2% per year among children under 2 years old in some areas (13).
Mycobacterium bovis BCG was introduced as an antituberculosis (anti-TB) vaccine over 80 years ago and has since become one of the most widely used of all vaccines (11, 40) . Approximately 100 million children worldwide are vaccinated with BCG each year (40) . BCG vaccination of infants affords 80% protection against TB meningitis and against disseminated or miliary TB. However, it is variably effective against pulmonary disease at all ages or against the reactivation of latent pulmonary infection in adults (10, 37, 40) . Consequently, in spite of extensive BCG vaccination in many parts of the world, TB rates are high, with about 8 million cases and 2 million deaths annually (32) . South Africa ranks eighth in the world for TB incidence, with a rate of approximately 600 cases per 100,000 population (39) . Because TB is endemic in South Africa, infants are vaccinated with BCG (Danish strain) shortly after birth. Even with Ͼ95% BCG vaccination coverage, the rate of TB disease in babies remains very high, exceeding 2% per year among children under 2 years old in some areas (13) .
Little is known about the immune response of human neonates to mycobacteria prior to vaccination with BCG. Ota and coworkers have reported low levels of gamma interferon (IFN-␥), interleukin 5 (IL-5), and IL-13 following the stimulation of cord blood cells with a purified protein derivative of tuberculin (28) . Another study that assessed the responses of cord blood to mycobacteria found low levels of secreted IFN-␥, IL-10, and IL-5 following incubation with BCG (16) . However, it has not been clear which cells produce these cytokines and how IFN-␥ is induced in the naïve host prior to exposure to mycobacterial antigens and the stimulation of an acquired T-cell response. To further explore the infant immune response prior to vaccination with BCG, we incubated cord blood mononuclear cells (CBMC) and purified CD14 ϩ cells in vitro with the Danish strain of BCG and quantified the IFN-␥, IL-12, IL-10, IL-4, IL-5, and IL-13 secreted into the culture supernatants. Furthermore, to identify the cell types producing these cytokines, intracellular CD4
ϩ and CD8 ϩ T-cell IFN-␥ and IL-10, intracellular CD56
ϩ NK cell IFN-␥, and intracellular CD14 ϩ monocyte IFN-␥ and IL-10 were evaluated after the ex vivo incubation of whole cord blood with Danish BCG. The results were compared to the responses of the same cellular subsets in peripheral blood samples from 13-week-old babies vaccinated with BCG at birth. The data indicate that the Th1 cytokine response of the naïve host prior to BCG vaccination was confined to cells of the innate immune system and did not involve T-cell responses. However, post-BCG vaccination, while a similar profile of cytokines was produced, it was T cells that produced IFN-␥, thus providing a larger and more sustainable source of immune stimulation.
MATERIALS AND METHODS
Participants. Umbilical cord blood was collected from elective caesarean donors at full term (38 to 39 weeks) to avoid any possible effects of labor. A total of 23 infant cord blood samples were studied. Exclusion criteria included fetal distress, maternal diabetes mellitus, maternal human immunodeficiency virus infection, maternal infection, and preeclampsia. The TB history of the mothers was not known, but none of the mothers had active TB at the time of caesarean section. Different assays for cord blood samples were carried out, depending on the volume of cord blood obtained. The median age of the mothers was 31 years (interquartile range [IQR], 26 to 33 years), and the median gestation time was 38 weeks (three babies had a gestation time of 39 weeks, and all others had a gestation period of 38 weeks). Twelve infants (52%) were female. The median weights of the neonates and of the placentas were 2,978 g (IQR, 2,845 to 3,340 g) and 620 g (IQR, 600 to 760 g), respectively. All infants had immediate Apgar scores, which assess newborn health, of Ն8 and 5-min Apgar scores of 9 or 10 (10 being the best). In addition, from six healthy infants from whom cord blood had been obtained, peripheral blood was collected at a median of 92 days (89 to 95 days) postvaccination with Danish BCG by the intradermal route at birth. The median birth weight of these infants was 2,928 g (IQR, 2,830 to 3,063 g). The ratio of female to male infants was 5:1. Human participation was consistent with the U.S. Department of Health and Human Services and good clinical practice guidelines. These standards included protocol approval by the University of Cape Town Research Ethics Committee. Written informed consent for the collection of cord blood was obtained from the mothers prenatally and that for the collection of peripheral blood from 13-week-old infants, where relevant, was obtained prior to sample collection.
Cord blood collection. A standard blood donation bag (Sabax, Johannesburg, South Africa) was prepared for the collection of the cord blood by aseptically adding 2,000 U of sodium heparin (Sigma-Aldrich, Steinham, Germany). Immediately following the delivery of the infant, the umbilical cord was clamped and not detached from the placenta. After removal from the uterus, the placenta was placed in a sterile bowl and the umbilical cord was cleaned with 70% ethanol. The cord was then punctured with a 16-gauge needle connected to the heparinized blood donor bag, and cord blood from the umbilical vein was allowed to flow by gravity. During this time, the contents of the blood donor bag were gently mixed to prevent clotting (3, 5, 30, 43) . The cord blood sample was then immediately transferred to the laboratory at ambient temperature.
Isolation of CBMC. The cord blood was diluted with an equal volume of phosphate-buffered saline (PBS) without calcium or magnesium (Bio Whittaker, Walkersville, MD) and carefully layered onto Ficoll-Hypaque (half the volume of the cord blood-PBS mixture) (Sigma-Aldrich, Steinham, Germany). The gradient was centrifuged at 1,200 ϫ g for 30 min at room temperature in a centrifuge with a swing-out rotor. The opaque interface containing the mononuclear cells was removed and washed twice with PBS by centrifugation at 300 ϫ g for 10 min. Cells were resuspended in PBS to the original volume of cord blood, and the procedure was repeated with another round of Ficoll-Hypaque density gradient centrifugation to ensure the removal of erythroid precursors from CBMC. This step was followed by three washes in PBS (30, 31, 44 After the optimal duration of incubation (2 days for IL-12 and IL-10 and 6 days for IFN-␥, IL-5, IL-4, and IL-13), culture supernatant was removed and stored at Ϫ80°C for cytokine evaluation. These incubation periods were identified as optimal following preliminary kinetic experiments (data not shown). To validate the enzyme-linked immunosorbent assay, IL-5 production by peripheral blood cells from an allergic adult volunteer was confirmed (data not shown). Cytokine levels in supernatants were determined for IL-12 (Pierce Biotechnology, Rockford, IL) and IL-10, IFN-␥, IL-5, IL-4, and IL-13 (all from Pharmingen, BD Biosciences, San Jose, CA) by a sandwich enzyme-linked immunosorbent assay as recommended by the manufacturers. The limits of detection for the cytokines were as follows: IL-12, Յ5 pg/ml; IL-10 and IFN-␥, Յ15 pg/ml; and IL-5, IL-4, and IL-13, Յ10 pg/ml. Recombinant cytokines were used as standards as recommended by the manufacturer. The amounts of secreted cytokines present in the culture supernatants of CBMC and CD14 ϩ purified monocytes were expressed as medians after the deduction of cytokine levels (in picograms per milliliter) in unstimulated cultures. All tests were conducted in triplicate.
ICC levels in whole cord blood samples and peripheral blood samples from 13-week-old infants were determined as described previously (14) . Whole cord blood and not CBMC was used for ICC evaluation, because in optimization assays it was difficult to obtain a sufficient number of gated events when CBMC were used and the stimulation of CBMC with BCG caused monocyte death, which did not occur in whole cord blood (data not shown). Furthermore, for the 13-week-old infants, there was a limit of the volume of peripheral blood that could be drawn, so a whole-blood ICC assay was used at 13 weeks. Whole cord blood or peripheral blood (0.5 to 2 ml) was stimulated with BCG at an average MOI of 3.6:1. SEB (10 g/ml; Sigma-Aldrich, Steinham, Germany) was used as a positive control. Cord blood was added to tubes containing antigen or mitogen, and the tubes were placed in a 37°C water bath for 7 h. Brefeldin A (10 g/ml; Sigma-Aldrich, Steinham, Germany) was added, and the tubes were then placed in a programmable water bath to incubate for a further 5 h (i.e., a total of 12 h at 37°C) as described previously (14) . Anti-CD49d and anti-CD28 costimulatory antibodies (1 g/ml; BD Biosciences, San Jose, CA) were added to enhance the T-cell and NK cell IFN-␥ responses (36) .
Whole cord blood and peripheral blood cytokine detection. Fluorescent dyeconjugated antibodies against CD3, CD4, CD8, CD14, CD56, IFN-␥, and IL-10 were obtained from BD Biosciences (San Jose, CA). The quantification of IFN-␥ and IL-10 ICC in CD4 ϩ and CD8 ϩ T cells and CD14 ϩ monocytes was performed, and a minimum of 20,000 gated events were acquired. In CD3 Ϫ CD56 ϩ NK cells, only intracellular IFN-␥ was evaluated, and a minimum of 15,000 gated events were acquired. A larger volume of blood was required for NK cell ICC evaluation than for T-cell ICC evaluation due to the lower frequencies of NK cells in cord blood. Thus, the volume of blood available was the rate-limiting factor for NK cell cytokine analysis. The results are presented as the median percentage of positively staining cells exposed to the stimulant (BCG or SEB) minus the percentage of stained control cells not stimulated with BCG or SEB. A result of Ͼ0.1% was considered positive, as this value is the threshold of detection for this assay. Statistical analysis. Results are reported as medians and IQR. The MannWhitney U two-tailed test for nonparametric data was used for group comparison. All statistical analyses were carried out using InStat software (version 3.06; GraphPad Software, Inc.).
RESULTS

BCG-induced CBMC cytokine secretion into culture supernatants.
To assess the profile and levels of cytokine production in cord blood in response to stimulation with BCG, CBMC were incubated with BCG for 2 days (IL-10 and IL-12) or 6 days (IFN-␥, IL-13, IL-5, and IL-4) and cytokines released into the culture supernatants were quantified. High levels of IFN-␥, lower levels of IL-10 and IL-12, and minimal amounts of IL-13 and IL-5 were detected (Fig. 1A) , whereas IL-4 was not measurable. When CD14 ϩ cells were purified from the CBMC and incubated with BCG, high levels of both IL-10 and IL-12 and only very low levels of IFN-␥ were measured (Fig. 1B) . IL-5, IL-13, and IL-4 were not produced by these cells. Thus, the high levels of IFN-␥ produced by BCG-stimulated CBMC derived primarily from populations other than CD14 ϩ monocytes, whereas IL-10 and IL-12 were produced mostly by these cells. When CBMC were stimulated with the polyclonal superantigen SEB as a positive control for general T-cell reactivity in newborns, very high levels of IFN-␥ (22,427 pg/ml; IQR, 9,027 to 46,470 pg/ml) and lower levels of IL-10 (984 pg/ml; IQR, 709 to 1,595 pg/ml) were detected (Fig. 1C) . Similar quantities of IL-12 (328 pg/ml; IQR, 117 to 594 pg/ml) and IL-13 (280 pg/ml; IQR, 208 to 816 pg/ml) were measured, and negligible levels of IL-5 and IL-4 were detected. In contrast, purified CD14 ϩ cells exposed to SEB produced very little IFN-␥ and essentially no IL-10, IL-12, IL-5, IL-13, or IL-4 (Fig. 1D) . Thus, CBMC responded both to BCG and to SEB, while monocytes responded only to BCG.
BCG-induced whole cord blood ICC production. To directly determine which cell populations produced IFN-␥ and IL-10, we assessed cell-specific cytokine production in whole cord blood by staining for ICC using the assay described in Materials and Methods. Figure 2 shows representative examples of dot plots generated; analyses of ICC IFN-␥ within CD8 ϩ T cells ( Fig. 2A and B) , ICC IFN-␥ within CD14 ϩ cells (Fig. 2C  and D) , ICC IL-10 within CD14 ϩ cells (Fig. 2E and F) , and ICC IFN-␥ within unstimulated CD3 Ϫ CD56 ϩ NK cells ( Fig.  2G and H) and of ICC following SEB (Fig. 2I and J) or BCG ( Fig. 2K and L) stimulation of whole cord blood are shown. The response of unstimulated cells was subtracted from the response of stimulated cells. The background frequency of IFN-␥ in NK cells was markedly higher than that in T cells ( Fig. 2G and H) . The frequencies of CD4 ϩ or CD8 ϩ T cells, CD4
Ϫ CD8 Ϫ cells, CD14 ϩ monocytes, and CD3 Ϫ CD56 ϩ NK cells expressing intracellular IFN-␥ after the ex vivo stimulation of cord blood with BCG are shown in Fig. 3A . Clearly, the IFN-␥ produced by CBMC exposed to BCG was predomi- ϩ cells were stimulated with Danish BCG (MOI, 5:1), the supernatants were harvested, and cytokine levels in picograms per milliliter were determined. IL-10 and IL-12 cytokines were measured after 2 days of in vitro stimulation, and IFN-␥, IL-5, IL-13, and IL-4 were measured after 6 days of stimulation. The unstimulated response (median levels for CBMC and CD14 ϩ cells were 73 and 57 pg/ml for IFN-␥, 121 and 85 pg/ml for IL-10, 0 and 0 pg/ml for IL-12, 2 and 2 pg/ml for IL-5, 0 and 0 pg/ml for IL-13, and 0 and 0 pg/ml for IL-4) has been deducted from all results. (C and D) CBMC and cord blood purified CD14 ϩ cells were stimulated with SEB (0.1 g/ml), the supernatants were harvested after the incubation periods indicated for panels A and B, and cytokine levels in picograms per milliliter were determined. Medians and IQR calculated following the deduction of unstimulated responses are indicated by the horizontal lines and the boxes, respectively. Minimum and maximum results are indicated by whiskers. n ϭ 6 to 9 independent cord blood evaluations. Please note the use of different scales for the graphs. nantly NK cell derived, with a very minor contribution from CD8 ϩ T cells in 2 of 17 donor blood samples analyzed. IL-10 was produced by CD14 ϩ monocytes (Fig. 3B) and not by CD4 ϩ or CD8 ϩ T cells. When SEB was used to stimulate cytokine production by whole cord blood, low levels of IFN-␥ were produced by CD4 ϩ and CD8 ϩ T cells, as well as CD4 Ϫ CD8 Ϫ cells, compared to those produced by CD3 Ϫ CD56 ϩ NK cells (Fig. 3C ). Similar to those in BCG-stimulated whole cord blood, CD8 ϩ T cells were more responsive in terms of IFN-␥ production than the other T-cell subsets. IL-10 was not induced by stimulation with SEB (Fig. 3D) .
ICC production by whole-blood cells of neonates vaccinated with BCG at birth. To evaluate ICC induction following BCG vaccination at birth, peripheral blood samples from six infants at 13 weeks of age were stimulated ex vivo with BCG and cytokine-producing cells were identified. Figure 4A and C show results from dot plot analyses of the staining of peripheral blood cells from a 13-week-old infant for ICC; the ICC IFN-␥ response in CD8 ϩ T cells following either BCG or SEB stimulation is indicated. When the blood samples of BCGvaccinated infants were studied, we observed that T cells had acquired the ability to produce IFN-␥ in response to ex vivo stimulation with BCG. Significant increases in the frequencies of CD4 ϩ (P Ͻ 0.01) and CD8 ϩ (P Ͻ 0.0001) T cells producing intracellular IFN-␥ compared with those in cord blood was observed (Fig. 4B) . CD4 ϩ and CD8 ϩ T-cell IL-10 production was not induced by the ex vivo stimulation of the cells with BCG. Figure 4D shows the ICC IFN-␥ and IL-10 production by peripheral blood cells obtained from 13-week-old vaccinated infants following ex vivo stimulation with SEB. IFN-␥ expression in CD4 ϩ and CD8 ϩ T cells was increased. In addition, CD4 ϩ T cells from several vaccinated infants had acquired the ability to produce IL-10 in response to ex vivo stimulation with SEB (Fig. 4D) . Since no more than 8 ml of blood could be collected from each of these infants, it was not possible to determine the NK cell ICC response postvaccination, as these assays required 2 ml per treatment condition to ensure that 15,000 gated events were obtained. Figure 5 shows the matched ICC responses in the cord blood samples and in the peripheral blood samples from the same infants at 13 weeks of age. After ex vivo BCG stimulation, there was a statistically significant increase in ICC IFN-␥ in CD8 ϩ T cells (P Ͻ 0.01) in the blood samples from vaccinated infants compared with that in cord blood (Fig. 5A) . However, there was a clear difference in the extent of the increase seen among the individual infants. When CD4 ϩ T cells were examined, a small increase in ICC IFN-␥-producing cells in samples from four of the six neonates was noted. Results for the group were not statistically significant (Fig. 5B) . IL-10 expression in either the CD4 ϩ or CD8 ϩ T cells of any of the vaccinated neonates tested was not induced in response to ex vivo BCG stimulation ( Fig. 5E and F) . When SEB-induced T-cell IFN-␥ was examined, a significant increase in the percentage of CD8 ϩ cells that were IFN-␥ ϩ in peripheral blood (P Ͻ 0.01) compared to that in cord blood was seen (Fig. 5C ). Similar to those stimulated with BCG, CD4 ϩ T cells from vaccinated infants displayed a smaller increase in IFN-␥ production upon SEB stimulation than CD8 ϩ T cells; consequently, the results were not statistically significant (Fig. 5D) . In contrast, ex vivo stimulation with SEB resulted in a statistically significant increase in the frequency of CD4 ϩ IL-10 ϩ T cells (P Ͻ 0.05) in the blood samples of vaccinated neonates compared with that in the cord blood samples (Fig. 5H) , which was not seen for CD8 ϩ T cells (Fig. 5G ).
DISCUSSION
In this study, we have shown that IFN-␥, IL-10, and IL-12 were produced by CBMC when the cells were stimulated in vitro with BCG. IL-5, IL-13, and IL-4 were barely detectable ϩ monocytes but not by T cells. These novel results clearly show that immunologically naïve neonates have the capacity to respond to BCG with a Th1 cytokine response prior to T-cell activation and the induction of acquired immunity. However, at this early stage, it is clearly not a T-cell response but rather an NK cell response. The ability of T cells to produce IFN-␥ in response to SEB stimulation closely mirrors BCG-induced responses, i.e., naïve CD4 ϩ T cells not previously exposed to mycobacterial antigen did not produce IFN-␥ even in response to the superantigen. The immune suppression associated with pregnancy or the immature nature of the immune function of the leukocytes in cord blood may account for the absent CD4 ϩ T-cell IFN-␥ response and the very low level of the CD8 ϩ T-cell IFN-␥ response following exposure to SEB. Upon SEB stimulation, a higher frequency of CD8 ϩ T cells than of CD4 ϩ T cells in cord blood produced IFN-␥. In line with our observations with SEB, White et al. report a cord blood CD4 ϩ T-cell IFN-␥ response lower than that in naïve adult peripheral blood cells but a CD8 ϩ T-cell IFN-␥ response similar to that in naïve adult peripheral blood cells following stimulation with phorbol 12-myristate 13-acetate and ionomycin (38) .
NK cells have been shown previously to be required for host defense against several classes of extracellular pathogens, including bacteria, parasites, fungi, and yeasts (17, 26) . NK cells have also been shown to play an important role in protective immunity against a number of intracellular bacterial pathogens, including mycobacteria, listeria, and salmonella (7, 9, 20, 41) . Furthermore, IFN-␥ has been reported to be produced by human NK cells but not by T cells during Staphylococcus aureus stimulation of peripheral blood mononuclear cells, and the early production of IFN-␥ by NK cells was found previously to be essential in resistance to murine listeriosis (6, 45) . Moreover, in murine studies using T-cell-deficient mice, resistance to M. tuberculosis was NK cell dependent and IL-12 was required for this innate response. In addition, T-cell-deficient mice were more resistant to M. tuberculosis than IFN-␥-deficient mice, and this result was shown to be due to NK cellderived IFN-␥. The importance of NK cells for immunity against M. tuberculosis was further confirmed by the results of experiments using naïve splenocytes from T-cell-deficient mice stimulated with the bacilli, among which IFN-␥ was found only within NK cells. However, when splenocytes from both T-celland NK cell-deficient mice were exposed to M. tuberculosis, no IFN-␥ was detected (9) . Thus, clearly NK cells are a very important source of IFN-␥ production, especially in the absence of an acquired T-cell immune response. The production of IFN-␥ by NK cells would serve both to enhance macrophage killing and to prime for the subsequent adaptive Th1 cytokine response. Thus, the findings in our study of cord blood NK cells producing IFN-␥ in response to BCG stimulation support the idea that innate immunity plays a central role in neonatal responses to infections, including infection with pathogenic mycobacteria.
During pregnancy, the maternal cytokine milieu is reported to be dominated by type 2 cytokines (Th2), a profile considered essential to prevent the rejection of the fetus (21) . For the first few months of life, neonates are protected against extracellular organisms to which the mother has developed immunity via maternal antibodies that cross the placenta. However, maternal lymphocytes do not cross the placenta, and therefore, newborn infants are not protected against intracellular organisms such as mycobacteria, which require T-cell-mediated protec- ϩ IFN-␥ ϩ (P Ͻ 0.01) and CD8 ϩ IFN-␥ ϩ (P Ͻ 0.0001) responses between the cord blood samples (Fig. 3A) and samples from 13-week-old infants (Fig. 4B) were demonstrated. tion (46) . Thus, a rapid switch to the production of type 1 cytokines (Th1) at birth is required to provide protection against infectious organisms, particularly facultative organisms such as mycobacteria (12, 27) . Since T cells are naïve and do not respond to mycobacterial antigens at birth, it is the role of NK cells to direct the host response toward a Th1 cytokine profile. BCG stimulation of IFN-␥ production in human cells has previously been shown to require IL-12 and be dependent on CD40 costimulation (25) . In the present study, IL-12 was produced by BCG-stimulated CD14 ϩ cells. IL-12, which is produced by antigen-presenting cells in response to microorganisms, is an important cytokine that links innate and adaptive immunity (2, 34) . Of note, the IL-12 receptor is found on both T cells and NK cells (2) . IL-12 is critical in facilitating the differentiation of naïve CD4 ϩ T cells into mature Th1 effector cells and stimulates both NK and CD8 ϩ T cells to produce IFN-␥ (2, 15, 18) . IL-12 production would therefore be a prerequisite for the induction of T-cell-mediated protective im- Once the immune system is exposed to antigen, i.e., following BCG vaccination at birth, both CD4 ϩ and CD8 ϩ T cells acquire the ability to produce IFN-␥. T cells would be expected to produce higher levels of IFN-␥, as well as a more sustained response, than those produced by NK cells when exposed to BCG ex vivo. Our findings confirm the results of the study of Marchant et al., who reported a robust Th1 memory response in infants vaccinated with BCG at birth (24). Vekemans et al. report similar levels of IFN-␥ production by CD4 ϩ T cells in infants and adults following BCG vaccination and the restimulation of the cells with a purified protein derivative of tuberculin (35) .
To avoid any influence that the mode of infant delivery may have on experimentally induced cytokine production, cord blood samples in the present study were collected from elective caesarean donors prior to the onset of labor. The mode of infant delivery (i.e., either caesarean section or vaginal delivery following labor) has been reported previously to be associated with differences in levels of cytokine production; cortisol, prostaglandins, and cytokines are secreted during labor, and this process may account for such differences (4, 29) . During labor, the cytokine environment switches to Th1 to accelerate the inflammatory process which is required for successful labor and delivery. The cytokines that are increased during labor include IL-6, IL-8 (induces cervical ripening), IL-1␤ (stimulates the production of prostaglandin), IL-2, IL-15, IL-18, tumor necrosis factor alpha, and IFN-␥, whereas IL-10 levels are reduced (1, 19, 22, 42) . The Th1 cytokines stimulate prostaglandins, which are responsible for the commencement of uterine contractions (42) . In addition, labor has been found to cause an increase in the neonatal circulation of neutrophils, monocytes, and NK cells; neutrophils and T cells in vaginally delivered infants are activated compared to those in elective caesarean infants (22, 33) . A surge of cortisol is also associated with labor, and this molecule is immunosuppressive, which may cause the inhibition of both cytokine production and T-cell function in cord blood (33) . In addition, during normal vaginal delivery, the fetus is exposed to vaginal flora and lipopolysaccharide stimulation, whereas a caesarean section is conducted in a sterile environment without the aforementioned stimulation (22) . Thus, labor as well as exposure to vaginal flora during delivery probably affects the cytokine response of cord blood cells, providing an explanation for any differences between the results of our studies and those reported by other investigators (15) .
In conclusion, this study shows that similar profiles of cytokines are induced by the ex vivo exposure of mononuclear leukocytes to BCG prior to and after BCG vaccination of the neonate. The cytokines measured in response to BCG in cord blood were derived from cells of the innate immune response. This response is expected to be shorter lived and less robust than the subsequent acquired immune response mediated by antigen-specific T cells. Consequently, protective immunity to mycobacterial infection in immunologically naïve neonates is expected to be limited compared with the acquired immune response that follows the vaccine-induced activation of T cells. A better understanding of the contribution of the innate immune response to protective immunity against TB and its multiple effects on the induction of the adaptive response would facilitate the design of new and better vaccination strategies.
